age groups, particularly adolescents, across all VMMC priority countries. It is also unknown whether the content and quality of counseling sessions are age appropriate and adapted to adolescent needs.
Recently, a qualitative study suggested that information on HIV prevention was not being provided as thoroughly to younger adolescents as older adolescents [8] . In this multicountry study, we aimed to assess whether key elements of WHO's recommended minimum package were received by adolescents seeking VMMC and to identify what counseling content is being delivered, what content is missing, and whether content varies by adolescent age group.
METHODS

Ethics Statement
The Human Sciences Research Council in South Africa, Tanzania National Institute for Medical Research, Medical Research Council of Zimbabwe, and Johns Hopkins Bloomberg School of Public Health Institutional Review Board approved the study before data collection.
Settings, Participants, and Procedures
Data were collected from June 2015 to September 2016 in South Africa, Tanzania, and Zimbabwe from 14 VMMC sites (4 in South Africa, 4 in Tanzania, and 6 in Zimbabwe), as described elsewhere [9, 10] .
Adolescent Surveys
Surveys were conducted with a convenience sample of male adolescents (aged 10-19 years) seeking VMMC, who were recruited by VMMC providers and/or community mobilizers working with trained coordinators. Adolescents provided consent if aged 18 to 19 years or assent and parent permission if a minor. Initial surveys were conducted before adolescents received any VMMC counseling or underwent the procedure. A follow-up survey was conducted approximately 7-10 days after the procedure, during the adolescent's follow-up clinic appointment or in his home if he did not attend the appointment. Trained data collectors administered the surveys in the language of the participants' choice (Sesotho, isiZulu, or isiSwati in South Africa; kiSwahili in Tanzania; Shona or Ndebele in Zimbabwe). Of the 1526 participants who underwent VMMC, 233 (15.3%) did not complete the follow-up survey. Data from participants who completed both the initial and follow-up surveys were included in the primary analysis of this study (South Africa, n = 299; Tanzania, n = 498; Zimbabwe, n = 496).
Counseling Observations
A subset of selected survey participants consented to recording their counseling sessions for observation. Counseling sessions were video and audio recorded (for individual and group counseling sessions) in Tanzania (n = 20); video recorded (for individual sessions) in Zimbabwe (n = 20), and audio recorded only (for individual sessions) in South Africa (n = 4). Observations were not linked with surveys for privacy reasons. Although VMMC programs in each country are recommended to conduct group, individual, and postoperative counseling, not all countries implemented all of these components; therefore, observations could not be made for all formats in each country. Informed consent was obtained from providers whose counseling sessions were recorded. A local trained data collector used a counseling observation checklist to note the presence or absence of elements in the session, the quality of the counseling interaction, and the tone of the counselor. Procedures regarding counseling observations are further detailed in the Supplemental Material.
Measures: Individual Surveys
World Health Organization-Recommended Human Immunodeficiency Virus Minimum Package Index
We measured receipt of a subset of important elements of the WHO-recommended HIV minimum package and PEPFAR VMMC recommendations for adolescents [7] , using a summative overall index score created for this study of 8 self-reported binary items. The overall index score was subdivided into 4 sections: 3 subindices and 1 consent/assent proxy. The VMMC subindex reflects explanation of VMMC risks and benefits; the HIV test promotion subindex reflects the offer of HIV testing, encouragement for testing, and an explanation of the importance of testing; and the condom subindex includes condoms to take home and a demonstration of how to properly use a condom. The consent/assent proxy was based on two survey items that asked if participants were offered HIV testing and if participants received an explanation that it was their choice whether or not to be tested for HIV before VMMC.
Receipt of Human Immunodeficiency Virus Testing
Participants were asked, "Before the procedure, were you tested for HIV?" Binary responses were coded as 0 (no/don't remember) or 1 (yes).
Measures: Counseling Observations
The observed counseling sessions assessed the patient-provider interaction, including communication style, age-appropriate speech, and a tone of attention and respect toward the adolescent. The observation checklist was adapted from previously designed tools to assess health services for adolescents [11, 12] . Counseling elements were coded as 0 (not observed) or 1 (observed).
Statistical Analysis
For the primary analysis, we examined correlates of the overall index score for counseling content (0-8; continuous outcome). Because the primary independent variable of interest was age group, we next examined age-group associations for each complete subindex (VMMC subindex [2/2], HIV subindex [2/2], condom subindex [2/2], and consent/ assent proxy [2/2]) and receipt of HIV testing as binary outcomes. Complete subindices were analyzed instead of each item separately, as they better reflect current standards and completeness of the content and services adolescents should be receiving. These analyses used Poisson regression models with generalized estimating equations and robust variance estimation to allow for clustering at the facility level. Hypothesized confounding factors and those shown to have an association with the outcome in univariable models were included in the final multivariable models.
Because the primary analysis included only adolescents who completed a postprocedure survey, we conducted a sensitivity analysis using multiple imputation by chained equations (MICE) to account for potential selection bias among participants who underwent VMMC but did not complete a postprocedure survey (n = 233/1526) [9] . Predictors were selected based on unadjusted correlations with outcome variables. Highly collinear predictors were dropped. Twenty imputations were conducted.
Descriptive proportions for counseling observations were calculated, and differences between age groups were assessed using Fisher's exact test for exploratory purposes. All analyses were performed using State SE software, version 14.2 (StataCorp). Table 1 shows characteristics of the survey sample by age group (10-14 or 15-19 years) and overall. A majority of the adolescent participants were from urban areas (53.8%). A majority of older adolescents reported receiving individual counseling only (42.2%), whereas a majority of younger adolescents reported receiving both individual and group counseling (48.8%). A parent/guardian was more likely to attend preprocedure counseling with younger adolescents than with older adolescents (56.1% vs 12.5%, respectively). The vast majority of younger adolescents reported no sexual experience (94.1%), whereas a little more than a third of the older adolescents reported some sort of sexual experience (37.4%). Table 2 shows the percentage of adolescents who reported receiving each item included in the index, disaggregated by younger (10-14 years) and older (15-19 years) age. Table 3 shows receipt of complete subindices by age group. In the multivariable model accounting for country, counseling type (group and/or individual), having ever had a sexual encounter, and receipt of a postprocedure counseling session, 15-19-yearolds were more likely than younger adolescents to report receiving all elements of the HIV test promotion subindex (42.7% vs 29.5%; adjusted prevalence ratio [aPR], 1.53; 95% Table 3 ). There was no significant difference by age group for receipt/uptake of HIV testing (aPR, 1.02; 95% CI, .97-1.08). Furthermore, all reported associations between age and each subindex and HIV testing uptake were nearly identical when using the imputed data set ( Supplementary Table S1 ). Table 4 shows factors associated with higher overall index scores for elements adolescents reported receiving during counseling. Older age group (15-19 years) , the presence of a postprocedure counseling session, and having ever had any sexual experience were all significantly associated with a higher overall index score. On the other hand, receiving group counseling only was associated with lower overall index scores in the univariable model. In the final multivariable model, older age group (15-19 years) , and the presence of a postprocedure counseling session remained independently associated with higher overall index scores.
RESULTS
Sociodemographics
Counseling Content as Reported by Adolescents
Factors Associated With Overall Index Score
Counseling Session Observations
Counseling observations (n = 44; Table 5 ) revealed that few adolescents were asked if they had ever had sex (16.7% aged 10-14 and 30.4% aged 15-19 years) or were sexually active (16.7% and 26.1%, respectively). Although providers were consistent in explaining the benefits of VMMC (observed in all sessions) and the meaning of partial protection from HIV after the procedure (explained to 88.9% aged 10-14 and 95.7% aged 15-19 years), only two-thirds of the sessions included an explanation of the procedure risks. Providers also did not consistently encourage adolescents to be tested for HIV but offered them the option to decline and continue with the procedure (item most similar to consent/assent proxy, described above; 77.8% for adolescents aged 10-14 and 60.9% for those aged 15-19 years). About a quarter of counselors observed did not tell the adolescent that his HIV test results would be shared with him (information provided to 77.8% aged 10-14 and 78.3% aged 15-19 years). One area of inconsistency in the counseling observations involved postprocedure care explanations. Adolescents were often not told how to evaluate for complications (eg, infection or bleeding; observed in only 65.9% overall) or what to do if complications arise (observed in 75.0% overall). In observed sessions, younger adolescents were provided the following content less often than older adolescents: the importance of abstaining from sex and masturbation for at least 6 weeks after the procedure (explained to 27.8% and 22.2%, respectively, in the younger group versus 56.5% and 47.8% in the older group); the need to use condoms even after receiving VMMC (38.9% vs 65.2%); condom demonstrations (0% vs 21.7%); and the need to reduce the number of sexual partners after VMMC (5.6% vs 52.2%).
Finally, regarding the tone of the counseling session, observers noted that in a majority of the sessions, providers showed interest in what the adolescent had to say (77.8% for those aged 10-14 and 91.3% for those aged 15-19 years), showed respect for the opinions and decisions of the adolescent (66.7% and 78.3%, respectively), and used body language that showed the counselor was paying full attention to the adolescent (90.9% overall). However, few providers told the youngest boys that they were going to ask personal questions during the session. Furthermore, providers infrequently assured adolescents of the confidentiality of the information they provided (assurance given to 11.1% of younger and 30.4% of the older adolescents).
DISCUSSION
Male adolescents noted that although there was sufficient mention of VMMC benefits (including partial HIV protection) during counseling, little attention was paid to the procedure's risks, including how to identify complications, what to do if they arise, and why avoiding sex and masturbation could prevent complications. The counseling content reported by adolescents revealed that older age, having ever had a sexual experience, and the presence of a postprocedure counseling session were factors associated with delivery of a more complete package. Notably, receiving group-based, less-individualized counseling was associated with reported lower levels of having received counseling content items, regardless of age group. Overall, older adolescents reported receiving more items from the recommended minimum package than younger adolescents. The self-reported findings were confirmed in the counseling observations, which revealed that condom demonstrations occurred less frequently for younger than for older adolescents. These deviations from the standard of care outlined by WHO and PEPFAR guidance [6, 7, 13] , with opportunities missed for comprehensive wound care and prevention counseling, are concerning. The current study's findings are consistent with an observational study of VMMC counseling in Tanzania, which found that adolescents (aged 15-19 years) received more comprehensive information in individual counseling sessions than they did in group education when mixed with adults (aged ≥20 years) [14] . Studies of adult VMMC patients have found that counseling during VMMC service provision is indeed in need of improvement as well [15] ; however, studies assessing adults' report of counseling content suggest that men are receiving more complete messages regarding abstaining from sex after the procedure and the importance of consistent condom use despite VMMC status [16] .
One possible way to improve and standardize the counseling content during VMMC service provision would be to provide VMMC counselors and providers with a checklist of the points they need to address in each and every counseling session, including those with adolescents. Surgical safety checklists have been shown to reduce adverse events such as life-threatening infections [17] and are recommended by WHO to increase communication and teamwork in surgery [18] . Consistent use of a checklist in VMMC counseling, with quality assurance and supervision ensured throughout, could potentially increase positive counseling outcomes. In study in Uganda, for instance, the quality of VMMC provision among adults, including patient counseling, improved dramatically after implementation of a quality assessment tool used by VMMC site management [19] . Such checklists and management tools could help counselors ascertain adolescent sexual activity, better tailor the counseling delivery appropriately, and provide complete and consistent information in every counseling session.
The rapid scale-up of VMMC has implications for preventing and monitoring adverse events, ensuring infection control, and providing appropriate postoperative counseling [20] . This study demonstrates that further work is needed to improve overall counseling quality, particularly for adolescent populations, and ensure the youngest boys are receiving the best possible standard of care and comprehensive prevention. Although WHO and PEPFAR provide recommendations on what should be covered during the VMMC service, counseling would be strengthened by specific training for counselors on delivering consistent messages in an age-appropriate manner. This may be particularly important if the counselor has biases concerning what he or she believes a young male adolescent needs to know, given his age and/or sexual experience [8, 21] . For instance, whereas all adolescents should receive comprehensive prevention messages, younger adolescents may require less technical descriptions to understand the content.
There are limitations to this study. Data from adolescents were self-reported and required recall up to 10 days after what might have been an anxiety-provoking experience. In addition, there may be selection bias, because only adolescents who completed their postprocedure interview were included in this analysis. However, a sensitivity analysis using multiple imputation to account for adolescents lost to follow-up found nearly identical results. A strength of this study was the use of mixed methods of data collection. Much of the counseling content adolescents received and retained was corroborated in direct observations of the counseling sessions. However, although we had a large sample of adolescents from a variety of settings, our sample size for direct counseling observations was limited.
Moving toward age-equitable comprehensive prevention for adolescent VMMC requires standardizing VMMC procedures as well as the counseling content. Any patient, regardless of age, deserves equal access to knowledge regarding the risks and benefits of VMMC and other HIV preventive measures. VMMC constitutes a tremendous opportunity to provide young male adolescents further counseling on HIV risks and prevention measures, counseling that can increase their self-efficacy and self-care and contribute to greater reductions in HIV acquisition and transmission.
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